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13.  ABSTRACT 

Efficient  planning  requires  efficient  methods  for  forecasting  and 
control.  Une  of  tiie  objects  of  the  present  research  is  to  further  extend 
methods  described  in  a  recent  successful  550  page  book  by  Box  and  Jenkins 
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have  been  studied.  Of  particular  importance  are  canonical  forir-s  of  the  model 
whereby  the  information  contained  in  many  records  can  often  be  s un-mar  Med  in 
a  few  composite  series.  Difficult  problems  in  estimation  are  being  approached 
using  Bayesian  methods.  In  this  connection  a  book  on  Bayesian  inference  (by 
G.E.P.Box  and  G.C.  Tiao)  containing  sor.o  800  manuscript  pages  and  incorporating 
research  performed  under  this  contract  was  completed  in  i'.ay  19/1  and  is  being 
published  by  Addison-wesley, 

Two  problems  occurring  in  continuous  time  control  theory  wore  studied 
and  results  obtained  on  the  accuracy  properties  of  numerical  algorithms  for 
solving  them,  approximately.  Some  new  results  in  Bayesian  Tolerance  Regions 
have  been  obtained,  in  addition  to  the  Bayes  book  during  the  reporting  period 
two  papers  have  been  published,  two  have  been  accepted  for  publication  and 
five  more  submitted. 
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Activities  arid  results  achieved 
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1 )  T i i.:‘  Scries  Foreca sting 

Ttie  results  of  many  years  of  previous  research  sponsored  by  the 
Air  Force  Office  of  Scientific  Research  were  published  in  September  1970 
in  the  5S0  page  book  Time  Series  Analysis  Forecasting  and  Control  (G.  E.  P.  Dox 
and  G.  M.  Jenkins  published  by  Holden-Day,  San  Francisco).  One  major  thrust 
of  the  current  research  is  to  further  extend  this  work  to  multiple  input- 
output  systems. 

A  very  important  class  of  non-stationary  models  discussed  in  the  above 
text  and  having  application  in  forecasting,  scheduling  and  inventory  control 
consists  of  the  integrated  moving  average  models.  These  models  lead  to 
exponentially  weighted  averages  as  best  forecasts.  Frequently,  not  one, 
but  many  non-stationary  series  are  available  each  of  which  can  potentially 

sunply  information  and  improve  forecasts  of  the  others.  In  new  research,  a 

t 

general  class  of  non-stationary  multivariate  time  series  models  has  been 
developed  which  generalises  the  integrated  moving  average  models.  The 
model  building  problem  encountered  in  relating  these  to  data  is  not  easy 
because  it  involves  the  simultaneous  estimation  of  many  parameters  which 
appear  non-lin;orly  in  the  model.  The  approach  we  are  taking  involves  the 
investigation  of  canonical  forms.  For  example,  economic  indicators  and 
other  time  series  are  often  closely  related  and  the  information  one  contains 
is  frequently  to  sort  extent  included  in  the  others.  In  using  our  analysis 
it  may  be  possible  to  summarize  the  principal  information  contained  in  ten 
series  into  say  two  composite  series.  When  this  is  possible,  problems  of 
forecasting  and  control  are  rendered  much  more  tractable. 


2)  Bayesian  Developments 


The  problems  of  estimation  mentioned  above  are  being  tackled  by 
the  Bayesian  route.  One  difficulty  involved  in  this  approach  is  the  choice 
of  "non-informative"  prior  distribution  appropriate  when  no  previous  infor¬ 
mation  exists  about  the  parameters.  The  problem  of  choice  of  non* informative 
prior  distribution  has  been  under  extensive  study  and  new  results  have  been 
included  in  the  book  Dayesian  Inference  by  G.  E.  P.  Box  and  G.  C.  Tiao  the 
manuscript  for  which  is  now  complete  and  was  accepted  in  May  1971  for 
publication  by  Addison-Wesley.  It  contains  a  great  deal  of  research  work 
sponsored  by  Air  Force  Office  of  Scientific  Research  to  who  due  acknowledg¬ 
ment  is  made. 

3 )  Continuous  Tima  Control 

The  use  of  Reproducing  Kernel  Hilbert  Spaces  (RKHS)  as  a  tool  to 
solve  optimization  problems  occurring  in  control  theory  is  being  studied 
intensively.  The  use  of  this  tool  is  appropriate  in  problems  where  time 
should  be  considered  as  a  continuous  variable,  or,  where  the  optimum 
sampling  interval  (in  time)  is  to  be  determined. 

i)  Techniques  involving  RKHS  were  used  to  develop  and  study 
the  accuracy  properties  of  a  class  of  computer  algorithms  for  solving 
linear  operator  equations  numerically.  (Technical  Report  Ho.  270). 

ii)  A  typical  continuous  time  control  problem  involves  minimizing 
a  quadratic  functional  subject  to  a  continuous  family  of  linear  inequality 
constraints.  The  convergence  properties  of  a  numerical  technique  proposed 
by  Daniel  for  solving  this  type  of  problem  approximately  have  been 
established,  using  RKHS  theory  (Technical  Report  lio.  2G2.) 

Both  of  these  problems  are  important  in  continuous  time  forecasting 


and  control , 
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4 )  Bayes  i  an  To  1  ora  nee  Regions 

The  theory  of  tolerance  regions  is  of  considerable  practical 
importance  and  ar.pl ication.  For  example,  the  question  as  to  whether  1003% 
of  rations  supplied  under  a  particular  distribution  policy  fullfills 
minimum  main tenence  requirements  can  be  answered  by  constructing  a  1003% 
content  statistical  tolerance  region.  There  are  many  other  esamples.  A 
Bayesian  approach  makes  it  possible  to  incorporate  prior  knowledge  into 
the  colculations.  The  necessary  distribution  theory  involves  a  disguiser1 
Uishart  distribution  which  lias  been  recently  studied. 

5 )  Colloquim  on  Statistical  Model  Building  Prediction  and  Control 

A  colloquim  on  Statistical  Model  Building  Prediction  and  Control  was 
held  at  the  Institute  of  Electrical  Engineers  headquarters  in  Savoy  Place, 
London  on  24th  April  1971.  In  a  paper  by  0.  J.  Reid  of  the  London  School 
of  Economics  entitled,  "A  Survey  of  Statistical  Forecasting"  the  author 
compared  the  forecasting  ability  of  various  theories  when  applied  to  113 
actually  occuring  time  series,  cc  listing  of  annual  quarterly  and  monthly 
sample  data.  The  data  represented  macro-economic  variables,  commodity 
prices,  and  industry  wide  level  of  aggregation.  Reid  found  that  "the 
Gox-Jenkins  method  outperformed  any  of  the  others  by  a  factor  of  3  to  1." 
These  methods  were  developed  under  Air  Force  Office  of  Scientific  Research 
sponsorship. 


A  general  meeting  of  the  Royal  Statistical  Society  tool;  place  in 
London  on  January  20,  1971  at  which  the  paper  "Dynamic  Equations  for 
Economic  Forecasting"  by  J.  Dray  was  read  and  extensively  discussed. 

Dr.  Bray  and  other  speakers  emphasized  the  importance  of  the  forecasting 
methods  developed  by  Box  and  Jenkins  (under  AFOSR  sponsorship). 

G.  E.  P.  Box  attended  the  meeting  and  contributed  to  the  discussion  which 
is  to  be  published. 


Special  Honors 

Dr.  Box  was  appointed  to  a  distinguished  professorship  at  the 
University  of  Wisconsin  and  now  holds  the  Ronald  Aylmer  Fisher  Chair  of 
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Practical  Importance  of  the  VJork  to  the  Air  Force 

Efficient  forecasting  and  control  methods  depend  on  the  building 
of  adequate  statistical  (probability)  models  which  can  properly  represent 
multiple  dependent  records  which  are  developing  in  time.  The  present 
research  is  directed  toward  the  building  of  these  models.  In  this  research 
theory  is  continually  tested  and  directed  by  the  analysis  of  the  real 


